. Posthaemorrhagic hydrocephalus: diagnosis, differential diagnosis, treatment, and long-term results. The clinical features, investigations, and results of treatment are described in a series of 47 infants with posthaemorrhagic hydrocephalus. 7 were unfit for treatment; 3 had medical (isosorbide) treatment alone, 2 of whom made a good recovery; the remaining 37 were surgically treated. 32 (68%) survived for 18 months to 16 years, but 12 of them are severely affected mentally and/or physically. The results can be considered satisfactory in 19 (40%), though there are only 9 (19%) without detectable sequelae. The most serious adverse prognostic features on admission were acute illness with active bleeding or neurological signs such as spasticity, fits, visual defects, or subdural effusions, and such infants did not recover without severe sequelae. The degree of hydrocephalus was also of prognostic value.
died of intracranial haemorrhage (Grontoft, 1954) . Not all infants who suffer intracranial bleeding die. Some recover without sequelae while others survive with hydrocephalus or other neurological and intellectual deficits. Necropsy studies of those dying in the newborn period commonly show gross hydrocephalus, though clinically this is not always apparent (Russell, 1949; Amiel, 1964;  Larroche, 1972) . The hydrocephalus is caused by obstruction of the Sylvian aqueduct, the basal foramina, or the subarachnoid cisterns by blood clot or by aseptic meningitis (Russell, 1949; Larroche, 1972) .
It is not known how many survivors develop clinical hydrocephalus, but 3% of 588 infants admitted with hydrozephalus to the Children's Hospital, Sheffield, between 1959 and 1963, were cases of posthaemorrhagic hydrocephalus; 17% of 110 infants with hydrocephalus not associated with spina bifida were posthaemorrhagic (Lorber and Bassi, 1965 Case material (Table I) The case material consists of 47 children born between 1957 and June 1972. The survivors were observed for a period from 18 months to 16 years. 31 (66%) were boys, and 12 had a birthweight of less than 2500 g. This predominance of boys and low birthweight is usual.
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Lorber and Bhat The clinical features of the haemorrhage are shown in Table II . A fracture of the skull was found in one baby in whom child abuse was not suspected. The diagnosis was confirmed either by lumbar or ventricular puncture. All had heavily bloodstained CSF associated with xanthochromia.
Sources and age on admission
The infants were referred by 24 paediatricians and 2 general practitioners; they came from 27 different hospitals and in 2 cases from home. A few were admitted during the initial intracranial haemorrhage, but the majority were seen when there was established and often severe hydrocephalus. Table III gives their ages on admission. The 4 who were over 6 months old had all been seen earlier for treatment of a preceding subdural haematoma or other intracranial haemorrhages.
Presenting symptoms and signs of hydrocephalus Every patient had an abnormally rapid rate of head growth. In 5 infants this was not recognized and they (b) Subdural haematoma. In 3 infants an erroneous diagnosis of subdural haematoma was made before admission because bloodstained or xanthochromic CSF was found near to the surface when 'subdural' taps were attempted. Often prolonged daily taps were carried out under the impression that the subdural spaces were being tapped. Fluid will be found very near to the surface if the ventricular system is grossly dilated, or if as a result of earlier taps porencephalic cysts have developed (Lorber and Grainger, 1963) . The correct diagnosis is established by needling, then injection of air, followed by x-rays. If fluid is found near the inner table of the skull a sample should be obtained. Then the needle should be slowly advanced further. If the needle is in the subdural space, then the flow of fluid will cease when the needle enters brain substance: by advancing the needle further the ventricle will be reached. The CSF should be separately collected and analysed. The fluids obtained are likely to be very different: subdural fluid will contain gross excess of protein, from several hundred mg to over 2 g/100 ml, while the ventricular fluid may be normal or nearly so. When the needle is in a grossly dilated ventricle near the surface, advancing it to any depth will result in a continuous dripping of fluid of identical composition. Air should be injected into the space found near the surface on one side only. If one is dealing with a subdural effusion, the air will spread over the hemisphere and will usually be confined to one side If one is dealing with gross hydrocephalus or porencephalic cysts, the air will outline both ventricles as well as the cyst(s) (Fig. la, b) . If the superficial fluid is in the subdural space, then after having taken x-ray views, air can be injected into the ventricle as well, and so the entire anatomical situation can be readily shown (Fig.  2a, b) .
Subdural effusion can be present with or without associated hydrocephalus. Several (Lorber and Grainger, 1963) (Table IV) .
The hydrocephalus was shown to be communicating in 21 cases and noncommunicating in 21 cases; in the remaining 5 tests were not carried out to determine this point. The ventricular CSF was still frankly bloody with fresh or old blood in 26 infants. The CSF pressure was excessive in most infants.
Subdural haematoma or effusion was present as the main finding on admission in 8 infants. 3 had cranial injury at birth; the others acquired their lesions later, including 2 (or possibly 3) cases of child abuse.
Treatment
Before treatment for the hydrocephalus 5 infants received treatment for unproven meningitis: 8 were treated for proven subdural effusions with repeated subdural taps followed by a subdurocardiac shunt in 4 children. These shunts were removed later. 3 infants received treatment for other conditions.
The main method of treatment for the hydrocephalus consisted of a ventriculocardiac shunt, using the Holter type of valve, whenever this was indicated. Altogether 37 children were so treated, including 3 who had isosorbide therapy before operation (Lorber, 1972 (Lorber, , 1973 . 3 others were treated with isosorbide alone and 7 received no therapy (Table V) . and Bhat Three children treated with isosorbide alone. 6 infants were treated with isosorbide (Lorber, 1972 (Lorber, , 1973 group.bmj.com on November 7, 2017 -Published by http://adc.bmj.com/ Downloaded from could be successfully avoided. This never happened in this series until isosorbide became available. 4 of the 5 whose shunt treatment was so delayed either died or survived with severe sequelae which might have been prevented (Fig. 3) . In 3 infants the hydrocephalus appeared arrested at 3 to 5 weeks of age, but some 3 months later their heads started to grow suddenly, so that they eventually had extremely large heads (Fig. 4) .
Revisions. Shunt blockages and infections. 17 patients (46%) underwent 49 further operations because of blockages or infections of the shunt. 1 patient had 8 revisions (Table VI) . Many children died of unrelieved shunt complications. Retrospective analysis indicates that in 3 survivors unnecessarily prolonged delay occurred before revision, which resulted in serious consequences for the child, including permanent total blindness in an otherwise normal boy, and in severe mental deterioration in 2 others (Fig. 5) . Table VII . Results
Thirty-two survivors (a) Intellectual development (Table VIII) . nystagmus with poor vision as well as short fits in spite of therapy, but attends an ordinary school: his IQ is 98. The fourth is a girl of 8 years; she has slight spastic paraplegia but her IQ is only 69 and she attends a school for the educationally subnormal. All the rest are much more severely affected. Among the worst are the 4 battered children, all of whom are profoundly handicapped physically and mentally.
The head circumference of 22 children (69%) is within the normal range. 4 others are microcephalic and all 4 are retarded. 6 are macrocephalic, 3 of whom are retarded. No child has a very large head (Table IX) .
Fifteen dead patients (Table X) Fifteen patients died (32%). The 4 who were untreated and 1 who had isosorbide treatment only have already been described. 2 who were not severely affected before their death at 4 and 9 years of age, respectively, are noteworthy because their deaths were preventable. 1 had a large head but was in excellent condition up to 3j years of age when he suffered a head injury. He made an apparently quick recovery, but 4 months later was admitted Shunt complications did not necessarily prevent normal development. 1 normal child had 4 revisions by 10 years of age and 2 others had 2 revisions each. Nevertheless, shunt complications were relatively rare in children without sequelae. 4 of the 8 shunt-operated normal children had revisions, a total of 9 further operations during 64 observation years or 1 revision per 8 years. This is much less than the average for the whole group (Table VI) .
Shunt complications, however, can also have grave results. There were 5 children who were in good condition before blockage of the shunt. 2 of them died, one lost his sight, and 2 became severely retarded due to this blockage, which was recognized too late or was not effectively relieved by operation.
Discussion
Intracranial haemorrhage in the newborn is of grave significance. Among those who survive the initial haemorrhage an unknown proportion will develop hydrocephalus. Medical treatment has proved to be useful in a proportion of those treated with isosorbide (Lorber, 1972 (Lorber, , 1973 . At present, operation is still the main treatment. Many infants will still die or survive with grave sequelae because of the extent of the intracranial haemorrhage and the cerebral damage it causes.
A serious practical problem is the decision whether and when to interfere surgically. Undue haste might either lead to disaster with shunt complications, especially infections, or lead to an unnecessary operation on a child who may recover without it. It is hoped that in future isosorbide or other drugs will allow a longer time for the blood to absorb without allowing excessive growth of the head or the development of neurological complications, so that surgical intervention can be done under safer conditions. Possibly a larger proportion will recover without operation.
If treatment is to be successful the patients should be referred to an experienced unit early, so that the best time for successful intervention is not missed. The fact that only one-fifth of our patients survived without detectable sequelae is largely due to delayed referral and mistaken management after referral, rather than to the basic disorder.
Since evidence that hydrocephalus is developing may not be apparent for several weeks after recovery from an intracranial haemorrhage, it is essential to see these infants at least every 2 weeks for assessment and measurement of their head circumference.
Had this been done to many patients in this series considerable delay might have been avoided.
